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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the

Bureau of Aeronautics, Navy Department

WIND-TUIII\TEL INVESTIGATION OF AN NACA 23012

AIRFOIL WITH A 30-PERCE:NT~-CHORD MAXWELL

SLAT AND WI'rH TRAILING-EDGE FLJ\PS

By John G. Lowry and J ohn W. McKee

StlMM!illY

An investiGation 110.8 been made in the NACA 7- by 10·_·foot 'l-rin(l
tunnel I")f. an NACA '23012 airfo:! 1 ,.,.1th a 30 percerrb-chord ;\1::\1:1're11
leading-edge slat and. 'l-rith a slotted and c. split f'Lan , The nurpoae
of the :1.nvestlgation was to de termtne the opt tmum sJ (\t"8T) of.. the
Mf\xwell sle:t for J and the aer-odynamic section char-act.er-LatIcu of,
the airfoil with severe.l ,~..oflections of both ty-pes of f'Lap . Curves
of lift, drn,g, and pltching-:w.oment characteristics for selected
optimum arrangements aro presonted.

As the slot gap Was :tncreased. up to the cpt.Imren the profile
drag increased except :In the range ncar- maxtmum lift coefficient,
the pitching moment becffilli' increasingly negative, end t~e ·lift
coefficieritat a given angle of attack decreased. A slct gap
of 3.5 t9 4pe,rcent of the wing chord gave the greatest increase
in the angle of attack et the stall and in maxtnum lift coefficient
for all flap deflections.

INTRODUCTION

To increase the efficiency and safety of airplanes it is
desirable to have means of increasing the maxfmum lift of airfoils
and of increasing and regulating the angle t\t 'Iorhich they stall.
Leading-edge slots are one of the few devf.ce a that have been I'ound
capabLe of increasing both the maximum 1Ht and the angle of attack
at the ste.lI.

The fixed leadil1g-edge slot (reforence 1) is an intogral part
of the wing and has rio moving pCcrts. This slot is the simplest tJrpe
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but has the disadvantage of incrcaslng tho drag in tho norrno.L
flying rcngo. It may be advarrbageous , howevcr , whor-e l'u!!gedne:::lrJ
and ajml)licity are er.;scntbl. The Hand] ey "Pngc leading-oc1C0 slot
(rofcrences 2 and 3) and the Maxwell leading--edgc slot (reference ~)

have more f'avor'ab l.e cha'racber-Lst.Lc a in the slow-opeed high angle
of-c'"J.ttack range when they are open, and. in aclditJon increase the
draB in tho normal flying ranee on.Ly slightly when thoyare closed.
The Me,XVlO11 slot (fig. 1) is the simpler in operation, as it is
operatocl by rotatinG the slat about a fixed. po lrrt ,

This investigation WG.S mado to dotennine the opt tnrum slot gap
of the MaxveLl, S12.t for, and tho aer-cdynamtc section characteristics
of, an NACA 23012 nirfoH i-lith a 30--percent-·chord n."l::mell slat and
with a slottod. and a split f'Lap .

MODElJS

The 3-foot chor-d by 7-foot span airfoil, tho gnXi·mll slat, and
the slotted. flap were built of Lamf.nut.ed mahogany to the profilos
of figure 2 and table I. Tho full··sp'.'u s111it f19.P., vh I ch had a
chord of 7.2 inchos (20\?orcent of tho a:i.rfoil chord),v188 built
of 1/4 inch p.l.yvood , Thlf3 flap vTLW fe-atoned to tho n~ 1'.;:'oil with
screws and the flap anglos (0 0 to 60 0 ) were cot by' trlancul~r
wooden blocks between the f'Lap and 25rfojJ.. The t'ul.Ls-span alotted.
f'Lap h.:'.d. a chord of 9.238 Lncho s (2~;. 66 pe rcerrt of the [).irfoil
chord) and is designated as 2-h in reference ~). It wac mounted
on the maf.n airfoil by throe stool l:Htings th'Lt allowed flap
deflections of 0° to 60 0 • The pabh of the i'Lap nose point (the
nose point of the flap is defined as the point of tangency of f-'~

lino drawn perpendicular to the airfoil chord and tancont to the
leading edge of tho flap whon ncut.ra'l.) was the opt imum one reported
in reference 5 (table II). The IllI1Xim1'111 vridth, or chord, of the
Maxwell slC1~t was .l0.8 inches, 30 percent of the airfoil chord. It
waG mounted on the main airfoil by four steol fittings that allowed
for slot gaps as great as 7 percent of the wing chord.

TESTS

Tho tests wore made in the NACA 7- by 10,-foot wind t.unnc L
(roference s 5 and 6) at C'~ dynamtc l're asure of 16.37 pounds por
square foot cor-rc aponddrig to an air speed. of about 80 miles pc r
hour under standard aea-level conditions. The averago test Reynolds
number hewed on the chord. of tho airfoil with the slat and flap
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retracted was 2,190,000; ove to turbulence in the air stream the
ef'f'ect.Ive Reynolds number (fOl' maxi.mum lift coefficients) was
approximately 3,500,000. 1'he moCi..el completely spanned the closed
tost section of the wind tUITQel so that two-dimension,u flow was
approxtraat.ed (reference 5). Sufficient slot gaps of the }iaxwell
slat were tea ted wi th most flap cleflections to de tormtne the trend
of the Chal'o.cteristics and the optimum slot gap for maxtmum angle
of attack at the atal.L and fal' maximum lHt. Data for the airfoil
wi th the slot cl080(1 were teken from reference 5, because with the
slot closed the basic airfvil contour is established. wilen the
slotted f'Lap vas fully retracted the f'Lap slot gap was sealed and
faired to the basf.o airfoil contour as ~'ecolmnended in reference 5.

RESULT;3 AND DISCUSSION

Coefficients

All test results are givan in etandard nondi~ensional section
coefficient form (corrected. as e~1?lu;ihe<3. in reference 5) as follows:

scction lift coefficient (Z/qc)

section Cl.rag coefficient (do/qc)

section pitching-moment coefficient about the aero
dynamic center of the airfoil with flap and
slat ret.royted (m(a.c')o/qC2) (See reference 5.)

where

section lift

section profile drag

c

section pitching moment

dynamic pressure (ipv2)
chord of airfoil with slat and flap retracted

flap chord (pl'ojected width on a:trfoil chord line)

slat chord (m~imum Width)
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and

CLO angle of attack for infinite ~spect ratio

flap deflection

maxtmum lift' coefficient

angle of attack for maximunl lift coefficiont

Precision

The accuracy of the v&rious measuremonts is believed to lie
within the following liLdts:

a. . . ±'O.lo cd . . :t,0.OO06
a

0(C Z=1.0)
~0.03 ±'0.002c7, • . cdc .max (c7,=2.5)

Cm( i.: :t,0.003 of . . . . . ±.0.2°
a.c. 0

. . . . . ::0.0003 Flap position • ±O.OOlc

Slot gnp • ±O.OOlc

No attempt was made to det.e rmfne the effect of flap or slat
fittings.

Effects of Slot Gap on Plain Airfoil

for the plain airfoil (reference 5) to 2.20 at CL
C 7, max

pitching-moIT~nt coef-
slot was o~oned, indicating
The slope of the lift

The effects of the Maxwell slot on the airfoil aerodynamic
section characteristics were similar to those reported in
reference 4. Figure 3 shows the effect of the slot gap on the
aerodynamic section characteristics of the airfoil without flaps.
A slot gap of 0.035c gave the greatest c7, and CL

C
• The

max 'Zmax
maximum. section lift coefficient increased from 1.55 at CLC

'Zmax

= 25,,2° for

the airfoil with a O.30c tvIe.xvroll slat. The
ficient became increarJingl~r negative as tho
that the center of pre osure moved rearvr·U'd.•
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curve over the positive lift range romained p::C8.ctically constant,
rJ:thollgh (1, for a given c! increased as the gap increased.

The drag coefficient increased slowlJr in the Tange above c1, = 0.6

as the slot was opened but more ra:pidIy below c1, = 0.6;

Effect of Slot Gap with Various Configurations

is shown on

slot gap was O. 035c and tho greabe st CL
C 1,me,x

\Vc,s O.OI~c for most f'Lan deflections. The date, for ther::e threG
, • 1 •t·· } '-t n' f'" r:: (" . d. ~( Aopvamum CO!lC,-J. a.ons are p.o'," 0_. an rrgure s j, 0, en .

compcrtson of those figul'El8 with data giver. in roference 5 shows
tho,t opening the clot to the optimum gap Lncz'e ased the pitching
moment coefficient negatively 0.11 average of about 0.04 over the
high lift reneo for all flap cl.eflections.

The effect of slot gap on c1, and. etc?,
max mE:>:

fiGure 4 for the airfoil with both the slotted anq. the split flap
for vC'.rious flap cteflections. A.D the flap deflection vas increased
the .6c1, produced by P. 0.035c slot gap decree sed from 0.65 1-rit11

mex
no flap tleflection to approximately 0.30 ''lith flc-I> deflected for
maximum lift. In every cane the optimum slot gap increased. the
angle of ::cttack for naxtmum lift coefficient appr-oxf.mat.eLy 100 • Tho
airfoil with the Slllit flnp had the e,reatest c1, and CLC 1,

max max
when the slot Gap Wp.s 0.035e for most flap deflections. This val.ue
agr'ee a very 'voll with the resultr;) reported. in roference 4. The
airfoil with the slotted flaIl had the greatest c~ when the

-mcx
when the slot gc:p

.'

Comparison of Profile Drag

•

A compur'Laon of prof:i.le-drag characteristics of aevcr-al. airfoil
slnt-flap combinations is given in figTIre 8 as envelope polars. The
010.in o.irfoil had the Lovorrt profile (treeg for lift coefficients 'bel.ov
0.9. 'I'lie drfoiJ. with slotted flap 2·-h and no lead.ing-edge Blot is
shown to have the Lovorrt profile dr.~~g in the r-ange c1, = 0.9 to 2.8.

Above c1.. = 2.8, vhich 'VTas the maximum lift coef'f'Lc Ierrt for the airfoil
with the flap, the airfoiJ. with slotted flap 2-h and the Mn..xwo Ll, slat
with ,9, 0.035 slot gap had the lowest profile d.rag , Opening the gap;
to O. OlJ.c gave slightly higher profile drag over the errt.Lre range"
The 0.20c split flap vrith the 0.035c slot gap had cons lder-ab.Iy higher
profile o.rag then the cor-re spondlrig slotted flap c omb.l.nat Lon above
c1, ::: 1.2.
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CONCLUDING REHARKS

For the arrangements tested a al.ot gD,P of 3.5 to 4 'Percent of
the wing chord geve the greatest increase in maxf.mum lift coefficiont
and engl.e of [',tto,ck at the stall. '1'ho mcrereent of maxtmum lift
coefficient cnuscd by the slot varied from 0.65 w:Lth t'Lapc neutral
to approxtrnateIy 0.30 ",ith tile llapn deflected for maz lmum lift; the
angle of attack at the stall was increcsed approxtmate.l.y 100 in all
cases. As the slot gap 'Nas increased up to the optimum the profile
drag increased. except in the l'o..nge ne-rr maxtnrum 11ft J the pitching
moment became increr:.singly· negat lvo , and the lift coefficient at a
given angle of attack decreased.

Langley Memorial Aer-onaut.Lca'l Laboratory
National Advisory Commi.bt.ee for Aeronaut.Lea,

Langl.ey Fielcl, Va., JIme 16, 19'+1.
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Ti\.Bill I

ORDINATES FOR AIRFOIL, FLAP Al,lJ) SLPI.T SHAPES

[Stations and ord.:1.nates in· percent airfoil chor~1

r-----·------------ -
NACA.23012 airfoil

~_._-_._._---
Slotted flap 2-11

_._-1-._-----1-------

L.E.radius: 1.58. Slope
o~ radius through end of

chor'd; 0.305

., r----'--'-

StationI Up~~r Lowe'r
. StITh.ce aurf'ace

o
1.25
2.5
5
7.5

10
15
20
25
30
lj.O
50
60
70
80
90
95

100

2.67
3.61
1~.91

5.80
6.43
7.19
7.50
7.60
7.55
7.111
6.41
5.4'(
4.36
~.08
i.68

.92

.13

o
-1.23
-1.71
-2.26
-2.61
-2.92
-3~50

-3.97
--4.28
.Jj.. !~6

-J+.)~8

-)1.• 17
-3. 67
-3.00
-2.16
-1.23
-.70
-.13

stat~::l---upper'
i

Lovc'r

I. surf'ace surf'aoe

0 I -1.29 -1.29
• ~.O I -.32 -2.0"5
.72 i .04 -2.21

1~35
I .61 ·'·2.J6

2.00 I 1.04 -2.41
2.61j. 1.1~0 -2.41
3.92 1.911- _..- -
5.20 2.30 ---
5.G6 -2.J.6
6,.li8 2.53 - --
'(.75 2.63 - --
9. 03 2.58 - .,--

10.31 2.46 - --
It').66 1.68 -1.23
20.66 C"i? -.70....'-
25.66 .13 -.13. __.__--'1--- 1 _

Center of L.E. arc

. 0_,9_1_1 -1. 29 --=~_
L.B. radius: 0.91

NATIONAL AD"ITSORY
COMllI'l"l'EE FOR AEROilAl.;TICS



TABlE I - Concluded

ORDInATES FOR AIRFOIL, FLAP ArID SLAT SHAPES - Concluded

~
0 •JOe UolY-lTd1 Slat

..------_..--,.._---~.-._.__ . ..._----_._.
Station Upper surface Lower surface

0 - -- 0
1.25 2.67 -1.23
2 - -- -1.20
2.5 3.61 - --
l~ - -- -.69
5 l~. 91 - --
6 - -- .07..- 7.5 5.80 - --
8 - -- .88

10 6.43 1."(0
I 15 7.19 _.- -

16 - -- 4.28
20 7.50 5.68
21~ -- -- 6.67
25 7.60 - --
~9.02- 7.56 7.46

L.E. Y'adius ::: 1.58. Slope of radius through
end of chord: 0.305

Hinge radius center---.-----...---~--~ r-1.;---------..·

NATIONAL 1illVIflOPY
COW.r.rr.rEE FOR AEPONl\.lJI'ICS

9
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TA13U~ II

PATH OF NOSE OF SI,CfrTED FUloP FOR VARIOUS

FlAP DF.,FIECTIONS. DISTANCES MEl\.EJlJHED

FROM LOHER EDGE OF LIP IN PERCENT

AIrFOIL CHORD c

.._--- -T

of
i

x
y

( (leg)
._---..-..-.-.

0 8.36 3.91

10 5. 11.1 3.63

20 3.83 3.45

30 2.63 3.37

40 1.35 2.l~3

50 .50 1.63

60 .J..2. 1.'-1-8 J---- ---"

NATIONAL ADVISORY
COHMI'l'TEE FOH Jill1~ONAurIC8



•

.'

~-------

Slot clooed

~-::=-- --r-
Slot gap

Slot open NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

fiGURE. 1:- Arrangement of Maxwe 1\ 5lot.



~

')

")I
J

•

..

C

~~.OO/C .8Z7c

6°"

R=.078~c.~

R=.081Ic .1

510tted flap

I 0"
~ -:--=.t-

T- - -=- ---,-

NATIONAL AOVI SORY
CO.... IT1EE FOA AERONAUTICS

R=·1::>5c

Split flap

D1Ci' -I - \ - - - r
. ~Ol« I -, I"'" .~.

./5C--!

figure c...- Sect.ions of airfoil with slot and flap arrangements .
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